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CUORE construction can be divided into four sequential, almost independent, processes: parts 
production/cleaning (crystals, copper pieces, detector teflon pieces, thermistors and heaters, ca-
bles/connectors, assembly/shipment/storage parts), clean pieces shipping & storage, towers 
construction, Towers assembly inside the cryostat. All process are supervised and controlled by 
(and with) the production database.  

In this document a detailed description of actions, tools and process regarding parts shipment 
& storage and the tower assembly is given. 

The production database is also discussed entering, when needed, into the details of crystals, 
copper and teflon production & cleaning to describe the methods to acquire and the info ac-
quired in any specific situation.  

1. The rules of the game 

The approach adopted designing this part of the construction of CUORE is that it must be, as 
a whole, a process: 

 Recontamination-free  
 Easy (i.e. as much as possible error-free) 
 Fast 

 
Recontamination of clean pieces start to be effective as soon as the pieces have been cleaned. 

To avoid or limit as much as possible such occurrence the whole chain have been designed to 
be a “zero-contact” procedure where zero contact means: to avoid any contact of any pieces 
with the air (or not-controlled atmosphere) along the whole process, minimize their handling, 
minimize their lifetime out of LNGS, and have the pieces facing or touching low activity materi-
als only.  

Radon diffusion have been taken into account too designing the tools used to store and as-
sembly the pieces.. 

The easiness of the process and the strict observance of the operation protocols is another way 
to reduce significantly the risk of recontamination. While the whole process, from pieces clean-
ing to installation in the cryostat, could last order of years a severe recontamination, due to op-
erator errors or misunderstanding of the procedures, could occur in very short time.  

Provided that the first two rules have been respected, the time is the last but not the least issue. 
The less it takes to complete the process the less will be the integrated dose accumulated by ours 
pieces by, for example, radon diffusion . 

But in no way time arguments should be used to reduce the effectiveness of rules 1 and 2. 
As for now many steps of the production and cleaning of the individual pieces have not yet 

well defined, as well as some aspect of the final design of the assembly. 
 
Here we assume as baseline the following: 

 All the pieces will arrive at LNGS as ready-to-mount 
 Crystal will be produced in China 
 All copper parts (frames, pillars, screws, cable rail, tower top plate, shields etc...) will be 

cleaned in Legnaro 
 Teflon holders will be cleaned at LNGS 
 No last-minute cleaning will be part of the standard assembly chain  
 The baseline for the tower design is the current CAW configuration (that with Teflon 

holders) 
 Tower cabling will be made by means of cable strips 
 Bonding will be done on the assembled tower put in vertical position 
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If any of these statements will not be true then, part of, or all of this document should be re-
vised. 

2. Be aware of Recontamination. 

The production of crystals and copper parts for CUORE will last 32-34 months. If we take in 
to account the effects induced by cosmic rays on raw materials starting from their bulk purchase 
the period we have to take care to minimize the contamination is even longer.  

This means that we have to store as much as possible raw materials underground, we have to 
monitor and minimize the time they are out for machining, we have to protect and ship them 
back to LNGS as soon as they exit their last cleaning process, we have to foreseen a long term 
storage strategy to minimize Radon diffusion effects  as well as design clean, air tight assembly 
tools and deploy assembly procedures with minimal handling and clean contacts. 

The same should be true even for the consumables (powders, acid, soap etc..) or tools (gloves, 
boxes, holders etc… ) we use to process, handle, mount those pieces. 

All these actions are going to be the result of a compromise among different needs, sometimes 
in conflicts among them. Packaging, for example, must take into account several issues: protec-
tion of the pieces from mechanical shock during shipment, assembly needs in terms of number 
and kind of pieces inside any pack, handling and environmental conditions at production sites, 
long term storage issues etc…  

To have all these stuff under control over a long period of time it is really important to start 
from the very beginning (i.e. from yesterday) to keep track of the story of each piece from it’s 
born as raw material up in a standard and organized way. The tool to do that is called the pro-
duction database. 

To be aware of recontamination and to be sure that all the actions described in this document 
will be effective and coherent some quantitative information are needed and should be reported 
in this chapter.   

In the following I summarize (only) the main methods and materials we have chosen to mini-
mize the risk-of and the recontamination that should be supported by some quantitative argu-
ment both on the level of contamination expected due to the direct contact,  and the level of 
contamination expected due to radon diffusion through materials. 

 
Polyethylene wrapping: whenever it is possible pieces are triple wrapped in 100µm thick poly-

ethylene bags under vacuum (the vacuum is done independently in all the bags). In most of the 
cases the whole surface of the piece is and will be in direct contact with this material for years. 
Info needed: An estimate of the target vacuum level. An estimate of the activity of THIS poly-
ethylene , the expected effect on the background after one year of storage. 

 
Reber Box:  Air tight Food storage box with vacuum valve. Whenever it is possible wrapped 

pieces are put inside an air tight polycarbonate box, under vacuum. This box will be used also to 
store naked (not wrapped) crystals after gluing. Info needed: An estimate of the target vacuum 
level must be done. 

 
Commercial Box: whenever Reber boxes cannot be used (too large, too small etc..) commercial 

boxes are used. Vacuum is done by wrapping all the box with a polyethylene bag. 
Typically are used  when also the direct wrapping of the piece is not recommended. Pieces are 

hold inside the box by PTFE supports. 
 
Custom made Box: whenever neither Reber boxes nor commercial boxes are available (too 

large, too small etc..) custom made boxes will be used. Typically they must be done with trans-
parent material. Recommendations on the material to be used are needed taking into account 
that in some case they will not take advantage of the extra protection given by the P.S.A.  

 
Nitrogen: Nitrogen is used to flow storage closets (pieces in the boxes) to limit Radon diffu-

sion and as last resort if wrapping or vacuum box for any reason have a failure. Nitrogen is used 
also to flow the glove boxes where naked pieces are assembled. Info needed: maximum allowed 
activity. (1µBq/m3 is the activity of the purified Nitrogen used by Borexino, the activity of com-
mercial regular purity N2 is some order of magnitude higher).  
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Anti-shock stuff: During shipment wrapped pieces are immersed in anti shock material. This 
can be polystyrene or other stuff alike. For crystals this close vicinity can last one month (the 
length of the trip by boat).  

2.1.  Radon di f fus i on  

Radon diffusion coefficient through polymers is small but not negligible for the level of con-
tamination required by CUORE once combined with the storage time foreseen for the first 
pieces produced. 

This chapter is my first look at the problem just to have a raw idea of what we are talking 
about. More precise and detailed consideration should come from RAD. 

The permeability coefficients for material that could be used for storage or assembly (Polyeth-
ylene, Polycarbonate and Plexiglas) and other materials I found in literature4 are summarized in 
table 1. 

The values quoted there are measured in thin film but since it doesn’t appear from the table it-
self that higher thickness makes the permeability worse (or better) I feel free to assume these 
values reasonable for thicker slabs too. 

At the last GM Kadel quoted in 20 Bq/m3 the radon concentration in the underground lab at 
LNGS. I will check this number, but for the moment let’s say that it is right and it represents the 
activity due to the average concentration of 222Ra in equilibrium with its daughters in the place 
where we are going to store or assembly the towers. 
Let’s do the exercise taking as reference a cubic box of 1m3. The wall of thickness dL have a 
permeability coefficient of the order of K=1x10-7 cm2 sec-1. All the six faces of the box are in di-
rect contact with the atmosphere of a larger room where radon is present with a concentration 
of 20 Bq/m3. The box, at t=0, is filled with radon-free N at the same pressure and temperature 
of the air of the room. 

 
The way the radon start to diffuse inside the box is a non linear process as shown in picture 1 

taken from ref 5 
 

 
Figure 1: Time dependency of radon diffusion in some materials 

                                                
4 Permeability of radon-222 through some materials, Wafaa Arafa Radiation Measurements 35 
(2002) 207 – 211 
 
5 Experimental study of radon and thoron diffusion through barriers. M. Durcik and F. Havlik. Journal of 
Radioanalytical and Nuclear Chemistry. 209 (1996) 307-313 
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By assuming a linear growth (hence overestimating the effect) we get an increase of the activity 
inside the reference box of 1.2 x 10-13 Bq/cm3*sec. The Radon concentration in the box will 
equal that of the room after 1.6 x108 sec, i.e. after, more or less 1929 days. 

 
The maximum exposure time calculated by Kadel to keep the background of a tower below 

0.01 events/kg/KeV/year is 15 minutes at 20 Bq/m3 (A very pessimistic picture since the stick-
ing factor have been set to one, but to have an upper limit it can be a good starting point). Our 
storage time will be much longer. To get the same integrated dose in one year or more we must 
keep the radon concentration much lower.  

 
Thus, for example, if we want in our box and in one year the same integral activity shown by 

1m3 of air at 20 Bq/m3 in 15 minutes the average concentration of Radon in the box should be 
maintained below 5.7 x10-10 Bq/cm3.  

 
With the diffusion rate calculated before, this level of activity is reached in 80 minutes. 
Note that this concentration is orders of magnitudes greater then the 1µBq/m3 activity of the 

purified Nitrogen used by Borexino but very close to the activity of commercial regular purity 
N26. By the way the level of purity of this gas define the minimum activity we can imagine to 
have in any storage or assembly system where the strategy used to fight Radon induced recon-
tamination is flowing some gas inside an air tight box. 

From the numbers quoted before it looks that radon diffusion is the main effect to take care of 
if we can use purified Nitrogen. 

Diffusion level can be kept under control by fluxing the box at a convenient rate (1m3 per hour 
in our example could be enough) 

For very long storage time (more then two year) probably other strategy should be investigated 
to keep the integral activity below the desired value at a reasonable cost. (vacuum packet box for 
example). 

Production of purified Nitrogen have been done by Borexino at a rate of 200m3/h with two 
liquid-solid-chromatography column with 11.5 l activated carbon7. 

In this exercise I used as example a box with a quite high K. In the real life the usage of mate-
rials with high K (Plexiglas for example) can be limited to the glove box where “transparency” is 
a must. The garage or the storage boxes (the kind of tools where pieces will rest for most of the 
time) could be done with polycarbonate or steel which have a much lower K. 

Conclusion: it looks that even in the worst case (sticking factor equal 1 + overestimated diffu-
sion rates + not optimized choice of materials) we can keep the radon concentration low 
enough just fluxing at a convenient rate commercial grade Nitrogen. 

There are also many ways to minimize further the radon concentration by using evaporated or 
purified Nitrogen and by choosing, whenever it is possible, materials with lower diffusion coef-
ficient both for storage closets & boxes and for the assembly glove boxes. 
 

2.2.  re co ntaminat ion by di re c t  con tact  

(here goes any argument that can drive the choice of materials, like gloves, tools, etc... that will 
be in direct contact with copper and crystals) 

2.3.  re co ntaminat ion by ac t i vi ty  o f  c l o s e  ob je c t  

(here goes any argument that can drive the choice of materials close but not in contact with 
copper and crystals which activity could be risky 
 

                                                
6 Radon Measurements for the Solar Neutrino Experiment Borexino. B. Freudiger. Progress in Particle 
and Nuclear Physics 48 (2002) 23-24 
7 G. Heuser et al. Appl. Rad. & Isot. 52 (200) 691-695 
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Table 1: radon permeability of some material (ref. 1) 

 
 

 

3. The production database  

3.1.  Moti vat ions 

To maintain over a quite long period of time the vital attention needed to fulfill, for any single 
pieces of the detector, the goal of a “recontamination-free” procedure, all the actions must be 
programmed in advance. No space for improvisation or unforeseen events can be allowed.  

Protocols and detailed manuals can be written (and will be written) but to keep a coherent and 
uniform attitude on all the details of a production going to last years could not be enough. 
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In this sense a production database and the actions needed to record production progress, 
measures results, action taken etc… can be of great help by providing a tool to put unavoidable 
and fixed “check points” along the construction path able to enforce the respect of protocols 
and procedures.  

Another field where our database can play a role is to trace and monitor the production and its 
progress and help in pieces handlings. Detectors components are produced and cleaned in dif-
ferent sites any with its own time schedule, procedures, and Quality Controls: TeO2 Crystals are 
done at SICCAS in china, Copper parts in Legnaro, Teflon pieces produced in Italy and cleaned 
at LNGS. Along with the detector parts many other components must be procured, made, 
cleaned, stored to be available in the right place at the right time. 

As stated in the previous chapter the database is very important too to have a complete picture 
of the exposure of our pieces to hostile environments and object. 

Less important for CUORE is, instead, to focus the scope of the production database on the 
opportunity to trace back and solve problems that could occur once the detector is running. 
Our experiment is, on all the relevant aspects (resolution, background), like a satellite. Once is 
out , if it doesn’t works we have lost and the game is over. 

This last statement is not true for CUORE0. In this case, if problems arise, a complete picture 
of what have been done can really help to spot the weak point and find an alternative solution. 

 
Motivations for the database can hence be summarized as follow: 

 have procedures and actions clearly established that help us in keeping a coherent and 
uniform attitude over the years the production will last 

 keep tracks of any relevant production/QC steps 
 help managing all those pieces 
 have a way to trace back problems if they will occur in CUORE/0  

3.2.  Overview and gu ide l ine  

The design outlined in this chapter is a proposal that match the requirements before men-
tioned AND it’s modular enough to have all (and only) the relevant parts done just in time for 
the start up of the crystals production chain foreseen for the end of February. 

It is VERY important that for ANY production chain the first day of work would be identical 
to the last one. So whatever alternative technology or approach people would like to propose it 
MUST satisfy this temporal constraint. 

  
A stated before the production and handling of CUORE components is spread over many 

sites. Moreover not all the production chains are already completely designed and they will not 
start all at the same time. The first to start will be crystal production.  

Hence the production database system must be: 
 scalable: must be possible to add production sites and their output following their readi-

ness. 
 distributed: any site must have it’s own Data Acquisition Points facility to acquire, for-

mat and send data to the database 
 safe: nobody , at production sites, have direct write-access to the database 
 easy: any Data Acquisition Point is designed to do a specific task in a specific place. The 

GUI of the DAQ software (the interface between the operator and the database) must 
be tuned to be understood by the actual operators on site  

 readable by everybody 
 
The design of the system proposed here is based on a central server running a product like 

PostgreSQL at LNGS. This computer already exist and it is the CPU serving the CUORE 
CUORICINO db. 

DAQ Stations are any computer on site with network access where the DAQ software can be 
installed. The actual computer location must be coherent with the kind of data the operator 
must collect and send. Some procedures require to be recorded as soon as they have been done; 
in this case the DAQ station must be available where the job is done. In other situation is 
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enough that at the end of a process data are collected and sent to the db; in this case the DAQ 
station can be a computer far from the work area, for example, in any office. 

DAQ software provide an interface to the operator to standardize and simplify data input. 
Every time data are input by hand (not collected by means of barcode reader or other equip-
ment like this) the software must have a consistency check to avoid the transmission of wrong 
data (typically mistype) or badly formatted data. 

DAQ software must be a robust, no frill tool. The GUI must account for the actual operators 
skills and the possibility that operators at remote site can change over time without notice and 
minimal training on the subject. 

DAQ software is localized. Supported languages are: Chinese in China, Padano at Legnaro, 
Abbruzzese at LNGS. The db query interface is in English 

DAQ procedure ends sending (via FTP or alike) the data to the DATA interface program run-
ning on the server at LNGS. 

Data interface software, read the data file and distribute the info into the tables of the database. 
The db is organized in tables and relations organized by production chain. 
Only the Production Master can write directly into the database.  
By means of the database (see for example the Chinese case study) some interlock to the pro-

duction chain can be set or released. Process interlocks can be enforced by contract (as the Chi-
nese case) or by software (for example making it impossible to set as entered in the assembly 
chain a crystals flagged as “contaminated”)  

As soon as new production chain is understood and ready to start new DAQ stations are 
added to the system, the Data Interface updated and the new sets of tables and relations added 
to the db. 
The db is served over internet and accessible read-only by everyone. 

3.3.  The Fi rs t  P rio ri ty  

Since crystal production is almost ready to start the first priority is provide SICCAS, from the 
very beginning, with all the instruments needed to acquire and send to LNGS all the informa-
tion foreseen in the production protocol.  

Figure 2: Crystal production chain overview 
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In the framework of the design proposed this means that at least the DAQ software (interface) 
must be written and tested in situ. On the server side, at the very beginning it is enough an FTP 
server configured and running. 

In this way the work at SICCAS can start in strict accordance with all the procedures foreseen 
by the production protocol. The development of the Data Interface Script and of the db itself 
can follow in short time few weeks later. 

For the reasons stated in chapter 2 would be very important to start to fill the database with 
the story of the raw materials already purchased currently stored at LNGS but about to leave the 
underground site to be machined. 

3.4.  The c rys t al  p ro duc t ion  db @ SICCAS 

The main steps of crystal production are illustrated in picture 2. 
The production protocol foreseen, other then the collection of several information regarding 

materials and procedures, a semaphore system (acknowledge) that put in waiting state some ac-
tions until the results of some tests (rad measures on chemicals and powders) become available 
and are approved by the crystal production master. 

This situation is schematically represented in figure 3. 
In this example two DAQ stations are installed at SICCAS and one at SINAP. Using the DAQ 

software SICCAS send to the FTP server formatted text files with all the info on the production 
and materials as required by the production protocol. Before start using some chemicals or 
powders a sample of this material is sent to SINAP (at the beginning to LNGS too) to be tested. 
SINAP (and LNGS) publish on the database the table with the result of the measure. The pro-
duction master (a guy somewhere in Italy) read those tables and set a positive or negative flag on 
the database authorizing or not SICCAS to proceed with those materials. 

Other then the production master a “local production master” (our expert CUORE member in 
china) is asked to set interlock flag into the database too to certify that some procedures have 
been done in complete agreement with the production protocol.  

In the next figures the complete process is shown, from the certification of the Te powder up 
to the crystals ready to be sent at LNGS. 
 

 
Figure 2: db at SICCAS 

. 
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Figure 3 

 
Figure 4 
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Figure 5 

 
Figure 6 
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Figure 7 

 

3.5.  The co ppe r pro du ct io n/cl ean in g db 

Site: Legnaro 
 
Preliminary suggestions: All copper parts are identified by their “LAST cleaning step” ID. 

Parts belonging to the same run share the same ID (for example the same number applies to all 
the frames belonging to the same magnetron run). 

 
If need the ID can keep track of all the cleaning steps (for example Frame ID 302456 could 

means that it went through Chemical bath 30, Tumbler run 24 and Magnetron run 56) 
Since this complicate quite a lot the life at LNL quite good reason to do that should support 

this request 
 
The production database should contain information about the total exposure time of copper 

out of LNGS 

3.6.  The te f l o n ho lde rs  p rodu ct io n/cl eanin g db 

Site: LNGS 
 
Preliminary suggestions: Shipping info, upon arrival QC, parts in stock, reprocessing status, 

storage tools status, storage history QC (results of periodic checks on package integrity and ac-
tion taken)  

3.7.  The te f l o n s hippin g & assembly  pa rt s  p ro duct ion/cl e anin g db 

Site: LNGS 

3.8.  The c abl e  p rodu ct io n/cl eanin g db 
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Site: LNGS 
Preliminary suggestions: XXX…, 

3.9.  Heate r and t he rm is to r pro duc t ion/cl e an in g 

Site: somewhere in the U.S.A. 
 
Preliminary suggestions: XXX… 
 

4. Last cleaning, shipment & storage of components and accessories 

As soon as any component exit the production and cleaning stage it should be stored in a safe 
way and shipped to LNGS. The “zero-contact” approach of our assembly chain starts from 
here. 

 
Hence the main purpose of the object used to store and handle the piece must be to avoid 

(minimize) recontamination induced by Radon or by contact with any non radio-pure material 
and to protect the pieces from mechanical shock during shipment. 

 
We have 5 “production lines” feeding the assembly chain: crystals, copper pieces, detector tef-

lon pieces, thermistors and heaters, cables/connectors, The last action of any line is the final 
cleaning of the pieces to be delivered. 

 
For the purpose of this document it’s not important to define exactly how these production 

lines work but to understand how the productions are organized, their delivery capability and 
the impact of these parameters on the packaging and shipment of the pieces. 

 
It could be that the optimum way to pack and ship pieces from one of these lines to LNGS is 

not exactly what the assembly line would like to manage. 
For example, during the assembly of the cable rails on the tower a small pack with about 10 

screws must enter the cabling-glove-box. On the other end it could be that in Legnaro all the 
screws needed for CUORE are processed all together. The question is: it is better to pack the 
screws in groups of ten in Legnaro or it is better to make there a simple, safe and fast packaging 
with all the screws and then prepare the feeder for the assembly in a more controlled environ-
ment like the clean room at LNGS ? 

 
The last solution looks the safest but it means that we have to find a place at LNGS where do 

to this kind of job. One candidate could be the Borexino Clean room (if still available in 2009-
2011) or the Cuoricino clean room if this operation do not interfere with the preparation of the 
Hall C run. 

 
Even if for copper it would be possible to have all the pieces delivered in packages fully com-

pliant with the assembly specification we already knows that this will not be true for crystals (see 
next paragraph). Hence the question of finding such qualified space is open and must be solved. 

4.1.  Crys tal s  

4.1.1.  Shipmen t 

Crystals are sent from SICCAS in multiple of four ranging from a minimum of 60 up to a 
maximum of 72.  

Each crystal is individually wrapped in a triple polyethylene bag under vacuum. Each bag carry 
a bar-code label with an unique ID that identify the crystal in the crystals production database. 
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To match the post processing 
needs at LNGS crystals are 
packed in box of four. The box 
is a transparent polycarbonate 
air-tight box for food conserva-
tion (Rever-Box) equipped with a 
valve to pump out air to make 
vacuum inside (ref. § 12.3) . A 
pre-shaped anti shock foam shell 
protect and hold crystals in place 
inside the box. 
The target vacuum level is -900 
mbar. Vacuum integrity must be 
verifiable without touching the 
box (ref. § 8.2) 

Outside the box five barcode labels identify the box itself and the enclosed crystals (ref. § 3) 
The shipping container is made up of 15 to 18 x-box. The enclosed documentation report the 

ID code of the x-boxes and their contents. 

4.1.1.1.  Acceptance  o f  t he  s hipmen t :   

Upon its arrival at LNGS, the outer packaging must be opened and x-boxes and crystals in-
spected to be accepted or rejected by the assembly.  

The action to be taken as result of the inspection depends on the agreement on the subject we 
have with SICCAS and/or by our internal procedures 

About what concern this project the aim of the inspection is to assert the quality of the crystals 
avoiding that out of spec object enter the assembly chain (or, if they enter, we are aware of their 
status) 

 
Since at the time of writing the contract has not been signed yet we propose here only our in-

ternal procedure. The x-box are inspected one by one but not inside a clean room. 
 
The inspection goes as follow: 

 the vacuum level of the x-box is checked by reading an instrument inside the box 
 the x-box is opened and the anti shock material removed 
 the integrity of the individual wrapping is checked by eye  
 the triple wrapped crystals are put inside a new, clean Reber Box (a simple teflon cradle 

hold the crystals in place, instead of the anti shock material) 
 the x-box is closed and the vacuum restored 
 the x-box is stored inside the psa 
 the old x-box is sent out for cleaning and re-cycled 

 
It could be possible that finding particular failures some extra actions are needed. These occur-

rences will be discussed while detailing the whole procedure. Standard procedure expose the tri-
ple wrapped crystals to air for less then 4 minutes 

 
Possible defect or failure that must be traced and require an action are: 
 

 x-box with lost vacuum:  
• Crystals will be marked as “potentially contaminated”  
• the broken x-box is replaced with a new one 
• crystals are usable as “last resort” if no good spares exist 
• immediate feedback sent to siccas to review packaging procedure or material 
•  

 
 x-box wit lost vacuum + broken outer wrapping in one (or more) crystals  

• All crystals will be marked as “potentially contaminated”  
• broken wrapping crystals are marked “contaminated” 
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• broken wrapping crystals are… rewrapped (to be discussed) 
• immediate feedback sent to siccas to review packaging procedure or material 
• the broken x-box is replaced with a new one 

 
 x-box OK but broken outer wrapping found in one (or more) crystals 

• broken wrapping crystals are marked “contaminated” 
• broken wrapping crystals are… (to be discussed) 
• immediate feedback sent to siccas to review packaging procedure or material 
•  

 
 Broken Crystal 

• broken crystals are marked “broken” 
• immediate feedback sent to siccas to review packaging procedure 
•  

 
 

 All the others are marked in the production database as “ready to use” 
 

After the inspection all boxes are stored inside the Permanent Storage Area (P.S.A.)  

4.1.2.  Crys tal s  S torage  & Handl in g at  LNGS 

The x-boxes remain inside the PSA until it’s time to glue chip on crystals. 
Detail on the PSA facility are given in § 8 
 
Before the assembly crystals must exit/enter the PSA twice: to be glued, to be assembled. 
 
Crystals to be glued exit the PSA in their original x-box.  
 
Before entering the clean room to be glued: 

 The x-box is open 
 The anti shock foam removed 
 The first polyethylene bag removed 
 The crystal placed on a clean four fold teflon basket 

 
Inside the clean room the four crystals are put inside their final storage box (the ax-box: as-

sembly crystal box). This box is again a transparent polycarbonate Rever-Like box. 
To take into account the different packaging of the crystals before and after gluing (before glu-

ing they are wrapped in two polyethylene bags, after gluing they are naked) the ax-box must 
foresee two kind of teflon holders to fit at best the size and shape of the wrapped or the naked 
crystals. 

The wrapped crystals holders is a temporary tool used to keep in place the crystals in the ax-
box from their entrance into the clean room to the entrance in the antechamber of the gluing 
glove-box. The wrapped crystal holder can be re-cycled that means that the number of these ob-
ject to be produced is quite small. 

 
While crystals are going to be glued the “third man” of the gluing team can prepare in the ante 

chamber the ax-box to receive the naked crystals by replacing the holder. 
 
The amount of naked crystals teflon holder to be produced depends on the maximum number 

of ax-box will be simultaneously stored in the PSA (ref § 1) 
  

 The crystals exit the gluing glove box within an ax-box with the naked teflon holder. 
 Out of the glove Nitrogen is pumped out of the ax-box and vacuum restored. 
 The target vacuum level is -900 mbar 
 Vacuum integrity must be verifiable without touching the box (ref. § 8.2) 



z e r o p u n t o q u i n d i c i  

18 

 The ax-box, like that used for shipment, must have labels inside (on the naked teflon 
holders ?) and outside reporting the ID of the crystals. 

 The ax-box is wrapped in a polyethylene bag to keep the external surface clean. 
 Crystals to be assembled exit the PSA in their ax-box. The external skin is removed just 

before the box enter the clean room 
 The crystals enter the assembly glove box within the ax-box. 

No special care is needed to identify the hard face of a crystal 
 
Taking as reference the schedule in ch.1, the PSA will contain at maximum 508 crystals in 127 

box. The minimum number of boxes and accessories needed are: 
 

 70 ax-box (240 naked glued crystals) 
 112 x-box. (448 wrapped original crystals) 
 70 naked crystals holders + spares 
 4 wrapped crystal holders + spares 

4.2.  Copper  pa rt s  f o r  t he  Towe rs :   

The packaging of copper parts proposed in the next paragraphs it’s the current best match (in 
terms of protection from re-contamination) between the capabilities to clean and handle safely 
the pieces at LNL and the logistic on the assembly side.  

4.2.1.  Acceptance  o f  t he  s hipmen t :   

Upon its arrival at LNGS, the outer packaging must be opened and the individual boxes in-
spected to be accepted or rejected by the assembly.  

The action to be taken as result of the inspection depends on the agreement on the subject we 
have with LNL or by our internal procedures 

The inspection must check: 
 vacuum level (if applicable) of the box  
 integrity of the individual wrapping  

4.2.2.  Top -Bo ttom Pla tes  

There are two kinds of end-plate: Top EPT and bottom EPB. One tower is ended by one top 
plate and one bottom plate. Bottom plates are fixed by screws while top plates are fixed to the 
detector support plate by pillars. 

The total number of EPT and EBP to be produced is: 
 

End Plates produc t ion  
kind pcs spare total 
    
EPT 19 1 20 
EPB 19 1 20 

 
End Plates are cleaned in groups of 5: 
 

End Plates c l ean ing (magn. cy c les )  

kind mc 
  
EPT 4 
EPB 4 

 
One magnetron run last one week and end plates will be packed and shipped as soon as they 

are cleaned (one shipment per week). The end plates last cleaning takes a total of 8 weeks. 
Pieces are packed singly and shipped in bunch of 5 inside a box (EP-box). 
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PACKAGE: *** TO BE DISCUSSED ****** 
 
Once at LNGS the EP-box are stored in the PSA as they are.  
 
About the production database: All EP packages must have a bar code label with the copper 

production ID (the same number applies to all plates belonging the same magnetron run). 
 

We have a total of 8 shipping unit (one per week) 

4.2.3.  Frames  

There are four kinds of frames: middle type A (MA), middle type B (MB), Top (FT) and Bot-
tom (FB). One tower is made by six MA, six MB one FT, one FB for a total of 14. 

The total number of frames to be produced is: 
 

Frame produc t ion  
kind pcs spare total 
MA  114 24 138 
MB 114 24 138 
FT 19 5 24 
FB 19 5 24 

 
Frames are cleaned in groups of six: 
 

Frames c lean ing (magnetron cyc le s )  

kind mc 
MA  23 
MB 23 
FT 4 
FB 4 

 
One magnetron run last one week and frames will be packed and shipped as soon as they are 

cleaned (one shipment per week). The frames last cleaning takes a total of 54 weeks. 
To guarantee a smooth feed to the assembly line the frames’ cleaning must occur in turns fol-

lowing the scheme shown at the end of the paragraph. 
Frames are packed singly and shipped in bunch of six inside a box (F-box), with F= MA, MB, 

FT, FB).  
The mechanical stress induced on a frame by the polyethylene bag shrinking while making 

vacuum could be not negligible and, in any case cannot taken under control. This can be 
avoided by enclosing the frame in a rigid shell like the IKEA food box Illustrated in § 12.1. 

To have the frames always in contact with clean material the shell is equipped with a teflon 
plate with holders (for example four holes that copy the shape of the tips in the corner of the 
frame). To keep the frame firmly in place, if necessary, a teflon spacer can be used to fill the gap 
between the top of the frames and the shell cover. 

The shell is not air tight but , on the contrary have holes to help the air to come out. The shell 
is then wrapped in a polyethylene bag with the vacuum done as usual. 

The shell is double wrapped. 
Groups of six shell are then double wrapped together in two other bags to form a shipping 

unit. FT and FB that enter the assembly line in groups of two could be wrapped in groups of 
two instead of six to improve the optimization of handling and storage at the PSA. 

This shipping units do not fit any rever like box but the same results can be obtained by put-
ting them in any plastic box that fits, wrapping the box inside a bag and making vacuum. Again 
this box must have holes to let the air flush out of the box while pumping. 

 
Once at LNGS the F-box are stored in the PSA as they are. For the assembly one MA-box, 

one MB box, one FT-Box and one FB box must move to interlock area of the clean room. For 
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the MA and MB box all skins but the last two are removed inside the interlock area and 6 + 6 
individually double wrapped shells enter the clean room. 

FB and FT box are opened in the same way but only one per kind will enter the clean room 
with the external shell skin removed. The other are re-packed and put back in place in the PSA. 

 
About the production database: All shells must have on top a bar code label with the copper 

production ID (the same number applies to all frames belonging the same magnetron run). 
 

We have a total of 54 shipping unit (one per week) 
We have a total of 324 IKEA shells (estimated cost = 645 euro) 
We have a total of 324 teflon holder 
We have a total of 324 teflon spacers (if needed) 
 
If these number can be less is discussed at the end of the chapter when I try to synchronize the 

production schedule with the assembly schedule. 
 
small parts used to protect some surfaces from the cleaning tools must not be removed9 

4.2.4.  Towe rs ’  Pi l l ars :   

There are two kinds of pillars: Female-Female (PFF) and Male-Female (PMF). 
A tower is made by 4 PFF and 48 PFM for a total of 52. 
The total number of pillars to be produced is: 
 

Pi l lars  produc t ion  
kind pcs spare total 
    
PFF 76 24 100 
PFM 912 188 1100 

 
Pillars are cleaned in groups of 20.  
 

Pi l lars  c l ean ing (magnetron cyc le s)  

kind mc 
  
PFF 5 
PFM 55 

 
 
One magnetron run last one week and pillars will be packed and shipped as soon as they are 

cleaned (one shipment per week). The pillars last cleaning takes a total of 60 weeks. 
 
To guarantee a smooth feed to the assembly line the cleaning of pillars must occur in turns fol-

lowing the scheme shown at the end of the paragraph. 
Pillars are individually packed in sets of 4 and shipped in bunch of 20 inside a box (P-box), 

with P= PFF, PFM).  
 
Vacuum packed bags should not induce any mechanical problem like it could be for frames. 
Sets of 4 pillars are immediately triple wrapped in polyethylene bags under vacuum. Groups of 

five packets inside a rever-box form a shipping unit.  
 
Once at LNGS the P-box are stored in the PSA as they are. For the assembly of one tower one 

packet of PFF and 12 packets of PFM are needed. Actually they are distributed in the PSA over 
at least one PFF-box and three PFM-box. 

 
                                                
9 This rule must be decided when we will know where and how many these pieces will be  
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When needed all these P-boxes move to the interlock area of the clean room. The P-Boxes are 
opened and the external skin of one PFF packet and 12 PFM packets removed. The resulting 
clean packets enter the clean room. All the others are kept inside the their box. Once this opera-
tion is over the PFF and PFM rever-boxes are closed, the vacuum restored and put back in the 
PSA. 

 
About the production database: The inner wrapping bags of each packet and the cover of the 

P-box must be bar-code labeled with the pillars production ID (the same number applies to all 
the pillars belonging the same magnetron run). 

 
We have a total of 65 shipping unit (one per week) 
We have a total of 65 rever-like box 
 
If these number can be less is discussed at the end of the chapter when I try to synchronize the 

production schedule with the assembly schedule. 
 
small parts used to protect some surfaces from the cleaning tools must not be removed10 

4.2.5.  Cable  rai l s   

Cable rails are made of two sections (CRS top and bottom) and two covers (CRC) + one joint 
(CRJ). 

A tower mounts two cable rails for a total of 4 sections and 4 covers and two joints. 
The total number of pieces to be produced is: 
 

Cable  rai ls  produc t ion  
kind pcs spare total 
    
CRS 76 8 84 
CRC 76 8 84 
CRJ 38 4 42 

 
Cable rails sections or covers are cleaned in groups of 6. Joints are cleaned in groups of 1411 
 

CR c lean ing (magnetron cyc les )  

kind mc 
  
CRS 14 
CRC 14 
CRJ 3 

 
 
One magnetron run last one week and cable rail pieces will be packed and shipped as soon as 

they are cleaned (one shipment per run). The cable rail last cleaning takes a total of 31 weeks. 
To preserve the bending angle of the wings (see cable rail drawing in §13) cable rails are put 

over a clean PTFE holder replicating their shape. Rails are kept in place by a couple of nylon 
screws. 

                                                
10 This rule must be decided when we will know where and how many these pieces will be  
11 to be confirmed 
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Figure 8: shape of the cable rail teflon holder 

Rail holders and screws must be cleaned in advance (LNGS) and sent inside clean packs to 
LNL Holders are shorter then cable rail segment leaving the joint side free. During cabling as-
sembly cable rails are kept on their holders (more on that in the cable rod assembly paragraph) 

4.2.6.  Cabled rods   

Cable rails are assembled and cabled in a separate process. The final piece, the “cabled rod” is 
stored in clean room and not in the PSA.  

4.2.7.  Copper  s hie ld  (CUORE0)   

To match the post processing needs at LNGS Copper shield for CUORE-0 must be packed 
singly in vacuum packed bag and shipped all together in a cs-box. 

4.2.8.  Sc rews 

There are four kinds of screws (different size and/or different head shape): 
 Slotted flat head to fix the cabled rod to the frames through the cover (FHC) 
 Slotted flat head to join cable rail segments (FHS) 
 Slotted pan head to fix cable rod to the frames through the segments (PHS) 
 Slotted pan head to fix top and bottom frames (PHF) 

 
A tower is made by 14 FHC + 14 PHS + 8 FHS (two cabled rods) and 8 PHF (Top Bottom 

frames) for a total of 44 screws. 
 
The total number of screws to be produced is: 
 

Screw produc t ion  
kind pcs spare total 
    
FHC 266 94 360 
FHS 152 48 200 
PHS 266 94 360 
PHF 152 48 200 

 
Screws are chemical processed in groups of 40.  
 

Screw c lean ing ( chemical  bath)  

kind cb 
  
FHC 9 
FHS 5 
PHS 9 
PHF 5 

 
One chemical bath last one day (to be confirmed). Screws will be packed and shipped as soon 

as they are cleaned (one shipment per chemical cycle). The screws last cleaning takes a total of 
28 days. 
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To guarantee a smooth feed to the assembly line the screws’ cleaning must occur in turns fol-
lowing the scheme shown at the end of the paragraph. 

Out of the bath screws are packed in sets of 40 (a full chemical bath) in a triple polyethylene 
bags wrapping under vacuum and immediately shipped to LNGS in a rever-box (H-box), with 
H= FHC, FHS, PHS, PHF).  

 
Once at LNGS the H-box are stored in the PSA as they are.  
 
PHF screws must be in clean room at the time of a mechanical assembly shift. How to handle 

this package must be understood (The package contains more screws then needed) 
 
FHC, PHS screws must be in clean room at the time of cabling assembly shift. How to handle 

this package must be understood (The package contains more screws then needed) 
 
FHS screws must be in clean room at the time of a pre-cabling turn. How to handle this pack-

age must be understood (The package contains more screws then needed) 
 
About the production database: The inner wrapping bags of each packet and the cover of the 

H-box must be bar-code labeled with the screws production ID (the same number applies to all 
the screws belonging the same chemical bath). 

 
We have a total of 28 shipping unit (one per chemical process) 
We have a total of 28 rever-like box 
 

4.2.9.  Copper  QC on Shipment and Sto ra ge  

Like for any other object stored in the PSA the main QC duty is to check daily the integrity of 
the box (vacuum level).  Whenever it is possible wEvery time it is possible to have a transparent 
box this check is done by looking at the status of the pressure sensor inside the box. 

(to be continued)  

4.3.  PTFE  

Very preliminary inventory of PTFE pieces. Cannot be completed until all copper 
shipment, handling and storage issues have been defined. 
 

 detector components 
 Assembly Holders (3 shapes) 

 Ancillary parts for storage & handling 
 Wrapped crystals cradle 
 Naked crystals holder 
 Frame shell plate 
 Cable rail holders 
  bobby pins 
  nylon screws 
 Teflon basket 

 Tower assembly 
  meck glove box turning table 
 ... 

 

4.3.1.  Acceptance  o f  t he  s hipmen t 

4.3.2.  Assembly  ho l der s   

4.3.3.  Sto ra ge  crys tal s  ho l de rs  ( naked and wrapped) 
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4.3.4.  Frame she l l  p lat e  

4.3.5.  Cable  rai l s  s e t  ( cabl e  ra i l  ho lde r,  bo bby  pins ,  ny lon s c rews)  

4.4.  Heathe rs  & Thermis tors  (empty )  

4.4.1.  Acceptance  o f  t he  s hipmen t 

4.5.  Cable s  and connec to rs  

4.5.1.  Acceptance  o f  t he  s hipmen t 

No info are available on cable/connectors  shipment and QC requirements 

4.5.2.  Cable s  

Cable strips are cut at size after production , before cleaning. 
All strips have the same length. 
Each strip carries four bonding pads feeding both heaters and thermistors of 4 crystals. 
A cabled rod is made of seven strips with seven different pads’ patterns 

The seven strips needed to cable a rod (a strip set) are cleaned in the same chemical cycle. 
A tower is made by two cabled rod for a total of 14 strips. 
 
The total number of strips to be produced is: 
 

Strips  produc t ion  
kind pcs spare total 
    
ST1 38 10 48 
ST2 38 10 48 
ST3 38 10 48 
ST4 38 10 48 
ST5 38 10 48 
ST6 38 10 48 
ST7 38 10 48 

 
Strips are chemical processed in groups of 7 (strip set).  
 

Strips  c lean ing ( chemical  bath)  

kind cb 
  
Strip set (st1+st2+...+st7) 48 

 
One chemical cycle (including packing and shipping) last one day (to be confirmed). Strips will 

be packed and sent to the PSA as soon as they are cleaned (one shipment per chemical cycle). 
The strips last cleaning takes a total of 48 days. 

 
Out of the bath the strips are packed one on top of the other in the right sequence to form a 

strip set “ready to mount”. The first 80 cm of the strips (those that go straight inside the cable 
rail) are kept flat while the extra length is compacted in a roller shape fixed by teflon bobby pins 
(grips). The strip set is then packed in a transparent box (ST_Box)) triple wrapped in a polyeth-
ylene bags under vacuum. 

 
ST-box are custom made and have the size of 100x10x20 cm.  
 
ST-Box enter the clean room at the time of a cabling assembly shift. The outer skin is removed 

in the clean room interlock area. 
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About the production database: The inner wrapping bags of each packet and the cover of the 

ST-box must be bar-code labeled with the strips production ID (the same number applies to all 
the strips belonging the same chemical bath). 

 
We have a total of 48 shipping unit (one per chemical process) 
We have a total of 48 ST-Box 
 

4.6.  Consumables  (s co t c h,  c hem ical  e t c . . )   

4.6.1.  Acceptance  o f  t he  s hipmen t 

4.7.  Assemble d Towe rs  (emp ty)  

4.7.1.  Towe r QC on  S tora ge  

4.8.  Othe r Copper  par ts  to  be  c l eaned  in  Legna ro :   

Parts listed here are components to be installed on the cryostat, like the copper tiles used to 
shield the surface of the mixing chamber facing the detector, or other parts to be mounted on 
the assembled towers or to mechanically couple the towers to the support plate. 

4.8.1.  Acceptance  o f  t he  s hipmen t :   

Upon its arrival at LNGS, the outer packaging must be opened and the individual boxes in-
spected to be accepted or rejected by the assembly.  

The action to be taken as result of the inspection depends on the agreement on the subject we 
have with LNL or by our internal procedures 

The inspection must check: 
 vacuum level (if applicable) of the box  
 integrity of the individual wrapping  

4.8.2.  Mixing Chambe r s h ie ld  

5 mm thick tiles cover the inner surface of the mixing chamber facing the naked towers. There 
is just one kinds of tile: TL. 

A complete shielding is made by two rows of 25 tiles approx 120x400x5 mm for a total of 50 
tiles  

The total number of tiles to be produced is: 
 

Tiles  produc t ion  
kind pcs spare total 
    
TL 50 4 54 

 
Tiles are cleaned in groups of XX: 
 

Tiles  c l eaning (magnetron cyc le s )  

kind mc 
  
TL XX 

 
One magnetron run last one week and tiles will be packed and shipped as soon as they are 

cleaned (one shipment per week). The tiles last cleaning takes a total of XX weeks. 
Tiles are packed singly and shipped in bunch of XX inside a box (TL-box). 
 
PACKAGE: *** TO BE DISCUSSED ****** 
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Once at LNGS the TL-box are stored in the PSA as they are.  
 
About the production database: All tiles packages must have a bar code label with the copper 

production ID (the same number applies to all tiles belonging the same magnetron run). 
 

We have a total of XX shipping unit (one per week) 
 

5. Overview of the organization of the activities at LNGS 

The organization of the work at LNGS strictly depends on the time schedule of the individual 
production/cleaning chains (TeO2, Cu, PTFE). how they match in time and their coordination. 

The main impact being on storage space and assembly strategy. 
I show here two scenarios taking as driving schedule the crystal production road map that is, at 

the time of writing, almost fixed.  
Crystals production and cleaning will last around 32 months with a constant production rate of 

30 pieces per months, a bi monthly delivery, with the possibility of a small increase in the yield 
at the end of the production. How much this increase should be and when it should start to op-
timize the assembly chain is part of the exercise and will be discussed later. 

Working on both scenarios I put as goals: 
 

 To have the last tower assembled within no more then two months after the delivery of 
the last component at LNGS 

 Minimize the number of individual pieces (frames, crystals, etc..) stored in the P.S.A. 
 
Taking into account also the needs to 

 Have time and resources to maintain a complete control over pieces in stock and their 
storage conditions 

 Have time and resources to have the complete control of any post-delivery operation 
(like re-packaging if it is needed) 

 try to maintain as high as possible the attention of operators on the action currently un-
derway avoiding as much as possible jobs in parallel in the same place.  

 minimize the load on the clean room 
 

5.1.  Synchronized  P rodu ct io n c hain s 

This is the case where towers assembly can start, more or less, when half of the crystals have 
been produced. The main advantage of this solution is that the P.S.A. space (Permanent Storage 
Area) is kept to the minimum and many items can be recycled saving time (those needed to 
make many ancillary parts of the storage system) and money but at the price to have well 
planned and synchronized copper, teflon, cables, heathers/ thermistors and crystal production 
chains. In the following such a coordination is discussed only for copper components and crys-
tals. 

 Once the critical mass have been reached assembly can start as a periodic sequence of proc-
esses leading to the assembly of four towers.  
With the information currently available on the time needed to clean each flavor of copper 
pieces (see previous chapter) the assembly of four towers last less then the time needed to pro-
duce their components. A typical “assembly round” can take up to 3 months: one (more or less) 
for gluing and the pre-cabling of cable roads, one (more or less) for tools cleaning and mainte-
nance, one (exactly) for tower assembly. 

 
In the next table and plot you find an example of how thing could be arranged. 
 
Doing this exercise the following assumptions have been done: 
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 INFN production goes as stated in the current DRAFT of the contract  
 USA production will follow INFN production at the same rate. A small increase in the 

amount of crystals delivered (70 instead of 60 every 2 months) is foreseen near the end 
of the production to force its completion on March 10, 2011 

 Towers are assembled in group of four  
 A “slow” startup (2 towers instead of 4) is foreseen to have time to face any last-minute 

problem should occurs 
 A quite reasonable gluing rate is assumed (max 10 crystals per day)  
 the time between the last crystal arrival and the last tower ready have been minimized. 

 
As shown in the table the first delivery for CUORE is foreseen in Nov 2008. Nothing happen 

at LNGS (except for crystals storage monitoring and maintenance) up to January 2010 when 
clean room activities start with the gluing of the first batch of crystals. Actually gluing could start 
even before if some extra time is needed to tune up the system. 

At that moment at LNGS there will be the maximum occupancy of the storage area with 508 
crystals: 350 as packed at SICCAS and 158 re-packed after gluing. 

 
The assembly cycle is repeated 6 times for a total of 13 months. The last cycle is shorter both 

for gluing (only 70 crystals to glue and re-pack) and for assembly (two towers). The last tower 
should hence be ready for mid May 2011. 

Copper and Teflon production and delivery should follow this scheme having all and ONLY 
(again to minimize P.S.A. occupancy) the pieces needed to assemble 4 towers delivered two 
months before an assembly shift starts. 

 
Some items with small impact on storage space and logistics, like screws, could be produced all 

at once (if it is more convenient for Legnaro) and delivered in one bunch at the end of 2009. 
Towers will be assembled one per week in turns of 4 weeks every 3 months. The best match 

between PSA organization and assembly chain would be the case where every flavor is stored in 
a box containing exactly the number of pieces needed to assembly one tower. 

A set of boxes with all the pieces needed to assembly one tower is called a Tower Kit. 
As seen in the previous paragraphs it is not always possible to arrange the shipments in tower 

kits mostly because in many cases it is better to skip off shipping package optimization then to 
risk recontamination introducing much more pieces manipulations to arrange them in towers 
kits compliant boxes. 
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Table 2 : Example of schedule for CUORE assembly. Absolute dates could be wrong by one or two 
months.  

 

 
Figure 9: Crystals throughput in the P.S.A. (left)  and crystals gluing and assembly (right) 

Nevertheless even if embedded in several boxes all the pieces needed to assembly a tower must 
be in the PSA exactly when needed and some optimizations are still possible. 

  
The assumptions done with copper production are: 
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 It takes one week (5 working days) to prepare, start, execute a magnetron run, pack the 
pieces and send the box to LNGS 

 One shipping box per week arrive at LNGS  
 On average the real working weeks in one year are 47 (holydays included) 
 I have the bad attitude to have a full month holydays during summer. Many others do 

the same too. Usually in August.  
 The total number of magnetron run is around 150 (copper for the Towers only) 
 Only one month is allowed for technical stop. Note: not one month per year. Just one. 

In table 3 this is taken into account anticipating the completion of the cleaning by one 
month. 

 Pieces, like screws, that do not use the magnetron are processed in parallel. No special 
time slots are foreseen for these  activities. 

 Any pieces that must be cleaned with the magnetron, other then those mentioned here, 
must be processed before or after the period allotted for the towers. In other words 
there is no time sharing between tower pieces cleaning and cleaning of other parts.  

 
The next table gives a summary of all the copper pieces to be processed with plasma cleaning: 
 

Table 3 summary of copper pieces to be plasma cleaned in Legnaro 

To feed the assembly chain in the right way the magnetron runs must proceed in turns. An ex-
ample is shown in the next table where in red are marked the target assembly months quoted in 
table 2. 

The philosophy adopted making this table is: first start the procedure with something easy 
(PFM) , run it continuously for 4 months and tune up the system. Next face the worst pieces (if 
something must go wrong it is better to know it as soon as possible) CRC, CRS. CRJ. Finally 
start the routine production alternating the pieces as needed by PSA. 

With the above mentioned definition of one working year and to be compatible with the crys-
tal production schedule cleaning must start at full speed the first week of February 2008. 

This is NOT the problem since, as I mentioned before, the time quoted to accomplish a mag-
netron run must be taken as the current best guess of Enzo Palmieri. It could be less by far. 

Parts code

one 

tower CUORE spare

cleaning 

bunch

magn. 

Run

total to 

process

Frame A MA 6 114 24 6 23 138

Frame B MB 6 114 24 6 23 138

Frame Top FT 1 19 5 6 4 24

Frame Bottom FB 1 19 5 6 4 24

Pillar FF PFF 4 76 24 20 5 100

Pillars FM PFM 48 912 188 20 55 1100

Cable rails CRS 4 76 8 6 14 84

CRC 4 76 8 6 14 84

CRJ 2 38 4 14 3 42

EndPlate EP 2 38 2 5 8 40

153 1774

Cable rails 40 2 6 7 42

Cable rails joint

bottom shield (skirt) 24 6 6 5 30

Tiles 50 4 6 9 54

Pillars 4 76 4 20 4 80

25 206

178 1980

Towers Total

Cuore Total

Total
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The aim of the exercise is to show how things could work if the two main production chains 
have compatible time schedules and an high degree of synchronization. 

 

Months # wks w1 w2 w3 w4 w5 

       

February-08 4 PFM PFM PFM PFM  

March-08 5 PFM PFM PFM PFM PFM 

April-08 4 PFM PFM PFM PFM  

May-08 4 PFM PFM PFM PFM  

June-08 5 CRC CRC CRC CRC CRC 

July-08 4 CRC CRC CRC CRC  

August-08 4          

September-08 5 CRC CRC CRC CRC CRC 

October-08 4 CRS CRS CRS CRS  

November-08 4 CRS CRS CRS CRS  

December-08 4 CRS CRS CRS CRS  

January-09 4 CRS CRS CRJ CRJ  

February-09 4 CRJ PFM PFM PFM  

March-09 5 PFM PFM PFM PFM PFM 

April-09 4 PFM PFM PFM PFM  

May-09 4 PFM PFM PFM PFM  

June-09 5 PFM PFM PFM PFM PFM 

July-09 4 PFM PFM PFM PFM  

August-09 4          

September-09 5 PFM PFM PFM PFM PFM 

October-09 4 PFM PFF PFF PFF  

November-09 4 FT FT FB FB  

December-09 4 MA MA MA MA  

January-10 4 MB MB MB MB  

February-10 4 MB MB MB PFM  

March-10 5 PFM PFM PFM MA MA 

April-10 4 MA MA MB MB  

May-10 4 MB MB PFM PFM  

June-10 5 PFM PFM MA MA MA 

July-10 4 MA MB MB MB  

August-10 4          

September-10 5 MB PFF PFF MA MA 

October-10 4 MA MA MA MB  

November-10 4 MB MB MB FT  

December-10 4 FT FB FB MA  

January-11 4 MA MA MA MB  

February-11 4 MB MB MB PFM  

March-11 5 PFM PFM PFM MA MA 

April-11 4      

May-11 4      

Table 4 copper magnetron runs schedule 
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Figure 10: copper occupancy inside the P.S.A. 

Figure 11 shows the occupancy (in number of boxes) of the PSA during this period. As you 
can see the maximum number of boxes in the PSA (towers’ copper only) is 100. 

5.2.  Ind ependent P roduc t ion  c ha ins 
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If no synchronization among production chains it is possible than most likely the towers’ as-
sembly will start only when all the pieces are in and will proceed as a 19 consecutive weeks job. 
Consider also that in this case it is not possible to state when, after the delivery of the last piece, 
the last tower will be assembled since some processes like pre-cabling of cable rails and crystals 
gluing are done in the same clean room and are incompatible with towers’ assembly. 

For this reason even if a complete coordination among production chains it is not possible 
some optimization are worth to be considered both for CUORE (for example avoiding that ca-
ble rails come last) and CUORE0 (for example by anticipating the cleaning of the cryostat cop  

Table 5 : yellow: CUORE0 production weeks, red: cryostat copper pieces cleaning, orange CUORE to-

wers copper cleaning, green crystals shipment. 
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per pieces to maximize the time interval between the construction of CUORE0 and the start 
of the production and cleaning of the CUORE towers copper parts. In this way, the total clean-
ing time would remain the same but in the event of a negative performance of CUORE0 most 
of the cleaning of frames and parts of CUORE would not been started yet and any revised pro-
cedure could be applied without wasting time). 

The last sentence is shown in table 5. With the same consideration on time needed to clean 
copper pieces done before a total of 178 weeks are needed to accomplish the task. Here the first 
25 are dedicated to clean non towers copper components (tiles etc..) delaying the startup of 
CUORE towers pieces cleaning by fine months. CUORE towers assembly could start some 
months before the end of copper delivery IF cleaning sequence is well planned. 

It’s obvious that this figure could change a lot once a realistic estimate, pieces by pieces, of the 
cleaning time will be available making this argument weaker or not relevant at all. 

6. Cleaning facilities at LNGS 

Any of the boxes, holders etc... used for shipments and pieces’ handling at the PSA must be 
bought in advance, cleaned and sent to the production sites (SICCAS and LNL). 

Up to now I count 1215 pieces to handle and clean. 
After cleaning (probably a simple chemical process with soap and weak acids) pieces must be 

vacuum packed in a single (or double) polyethylene bag and sent to their destination. 
 
Not defined yet:  

 where to do the job 
 the consumables needed 
 the tools needed (basins of special size like those needed for cable strip cleaning etc...) 

7. The clean room 

Even if all the assembly operations will be done inside a glove box and an accurate packaging 
would avoid any contact of the pieces with the external environment it is advisable to run these 
chain inside a clean environment. 

One reason, out of many, is that the glove-boxes like all the other tools used to assemble the 
detectors, must be “clean tools” and hence any operation, like any standard maintenance work, 
should be done in a clean environment. 

 
The clean room facility should have a “clean room operation manger (CROP)”, different from 

any people involved in the assembly, with the responsibility to ensure the functionality and the 
integrity of the facility and its correct usage by the users. 

Anything entering the clean room and the way it enter should be under the CROP control. 
A raw sketch of how the assembly tools could be arranged inside a clean room (in the drawing 

the dimensions of the room are those of the Borexino facility) is shown in picture 6. 
The tower garage (8) (more on that in the next chapter) is placed somewhere and fixed to the 

floor. Around three sides of the garage a step (7) 
brings the operators at the right height with respect 
to the working plane.  

Trails (or shuttles) from 1 to 4 are those carrying 
the glove boxes to be coupled with the garage.  

Tables 5 and 6 host the glove boxes used to pre-
cable the cable rails and glue the chips onto the 
crystals. 

 
Figure 1Error! Reference source not found. 

shows (not in scale) how the trail docks to the garage.  
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Figure 11: A possible arrangement of the assembly tools inside CUORE clean room 

 

 

Figure 12:A possible arrangement of the assembly tools inside Borexino clean room 
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8. The permanent storage area (PSA) 

Polycarbonate (or any plastic) is permeable to Radon with a diffusion coefficient of the order 
(worst case) of K=1x10-6 cm2 sec-1. Taking as reference the schedule shown in the previous 
chapter the time elapsing between shipment and assembly can be as long as 16 months. 

 
The PSA must provide: 

 protection against long term (order of years) radon diffusion induced re-contamination 
for all the critical components. 

 protection against short term (order of hours) radon direct induced re-contamination in 
case of failure of the first level shield (broken wrapping, vacuum lost in the box etc…) 

 
Both features can be accomplished by putting all the pieces, within their shipping box, inside 

pure (evaporated) Nitrogen flushed, air tight, closets stacked in the PSA.  
Moreover the PSA is used to 

 provide an almost clean area (dust free) suitable for  
o receive and check upon arrival shipped stuff 
o pieces repackaging (when needed by assembly procedures) 
o storage boxes QC 
o storage boxes and wrapping maintenance 

The proximity of a clean room is a valuable support in case of major works on storage boxes 
A preliminary evaluation of the number and kind of pieces to be stored is reported here: 
 
Part Name D (LxWxH) Stackable Probe Num Vtot(mc)

  
 
(A)X-BOX  20x25x12 no yes 260 1,560 
FT-Box (IKEA) 17x17x3 yes no 26  0,023 
FB-Box (IKEA) 17x17x3 yes no 26  0,023 
MA-Box (IKEA)  17x17x6 yes no 144  0,125 
MB-Box (IKEA)  17x17x6 yes no 144  0,125 
PF(F/M)-Box 20x13x12 no yes 67 0,210

  
CR-Box  40x10x3 yes yes 32 0,039

  
H-Box 20x13x12 no yes 29 0,090 
ST-Box 100x10x20 yes yes 50  1,000 
End plates … … … 10 … 
Teflon Hold. … … … … …

  

Table 6: towers components to be stored into the PSA. For some items packaging has not chosen yet 

  
Part Name D (LxWxH) Stackable Probe Num Vtot(mc)

  
 
pillars … … … … … 
bottom shield skirt … … … … … 
cable rails … … … … … 
copper tiles … … … … … 
 

Table 7: cryostat components to be stored into the PSA. For some items packaging has not chosen yet 

 
As expected the maximum storage space is taken by (A)X-Box (crystals). Tables do not include 

spare boxes kept in stock for box swapping (for example naked and glued crystals) or to replace 
broken  or defective boxes.  
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In this table the number of (A)X-Boxes quoted take into account the complete CUORE crystal 
production . 

In the following, by evaluating the space and the infrastructures needed by the PSA I consider 
the case that all the crystals and all other parts of the detector must be simultaneously stored 
into the PSA before the assembly starts. 

This imply a strong constraint only on the total space required by the PSA while with a modu-
lar approach the storage system (infrastructure and closets) can grow as needed, up to fill the 
PSA, by following the real-life delivery and assembly program. 

8.1.  Locat io n 

A convenient choice for the location of the PSA could be the CUORICINO IInd floor near the 
CUORICINO clean room. The following drawing shows a possible arrangement and the occu-
pancy of the closets need to store the full crystals production.  

Since the stairs are quite steep to help move boxes in and out the PSA a lift should be available 
to carry the shipping boxes from the ground floor up. The large double door on the west wall 
could be the access point. The possibility of a bridge connecting the PSA and the CUORE clean 
room is definitively excluded. 

 
 

 
Figure 13: Top view of the cuoricino 2nd floor. The PSA space shown is filled (only) with 20 closets hous-
ing the full crystals production. 
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Figure 14: iso metric view of the P.S.A. in cuoricino 

 
Figure 15: another nice picture of the P.S.A. 
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Advantages of the Cuoricino choice are that it is a scalable solution and, on emergency, the 
CUORICINO clean room can be used. 

Scalability or, better, how our occupancy of this space grow with time could be taken into ac-
count discussing the destination of this area with the LNGS space committee . At thye begin-
ning (within a couple of months). At the beginning (within a couple of months) we need only a 
quite small area since we have to put in place just a couple of closets to accommodate the first 
crystals delivery and the cuore0 copper parts. This area cold be half the corridor on the 
top/right side of the room (that under the P.S.A. written in Figure 13. This area could be delim-
ited and made dust-free with a simple polyethylene panels floor hanging from the roof. 

At later time, when more space is needed, panels can be moved first to close the full corridor 
(let’s say by prolongating the clean room wall up ) and finally following the dotted line drown in 
Figure 13. 

Another choice could be to use the BOREXINO clean room both for cuore0 assembly and as 
final P.S.A. . The clear advantage is that the P.S.A. would be inside a clean room. The cont. are 
that this make more boring the daily check of the status of the parts stored (you have to enter a 
clean room be mindful of all the rules that apply in this case) unless you can simplify those 
checks by changing the protection strategy making less critical the first shield integrity (reber 
boxes and polyethylene wrapping) by using, for example, the ultra pure nitrogen of the Borexino 
facility to flow the closets. 

Another issue is space availability. The cuore-0 assembly tools take a lot of space (see Figure 
12) but it is also true that only a small fraction of the cuore components will be ready and stored 
at the time of assembly.  

Last but not least is the problem of time. If we ask the Borexino clean room to store our 
pieces it should be made clear that we will free the area only on cuore assembly completion that 
could be some years starting from now, if everything goes fine, more (and we cannot predict 
how much) if for any reason the production have some delay. 

8.2.  QC on s to ra ge  too l s  and s to re d ob je c t  

Since  storage time could last years the main risk of recontamination comes from failures of 
the primary shielding (wrapping and vacuum boxes) and/or failures of  the fluxing system of the 
storage closets. 

In most of the cases and whenever it is possible we use Reber box to keep pieces under vac-
uum. These boxes are commercial stuff and their performances are not guaranteed of long peri-
ods of time.  Nevertheless their transparency give us the chance to have a simple method to 
check the vacuum level inside the box by putting a vacuum probe inside the box which status 
can be checked by eye without opening the box or without using any other instrument. 

A simple and cheap battery operated device could be done with the negative pressure sensor 
XFPM by Fujikura (the data sheet is at the end of the document) coupled with an ultra low 
power comparator (or any similar circuit). Two flashing LED (to minimize power consumption) 
monitor the status of the system. One, green, always on, guarantee the operator that the device 
is powered and working, the other, red, will start flashing if the negative pressure rise above a 
fixed threshold indicating that the vacuum is lost. 

The dimensions of this device are those of an AA cell. The power consumption should be less 
of the order of the µA to guarantee more then one year lifetime without replace the battery. 

This check should be done quite frequently if the failure of a box expose the components to a 
low purity atmosphere (for example evaporated nitrogen) or less frequently if  closets are filled 
with high purity gas.  

Closets integrity must be checked too (for safety reason)  as well as the nitrogen flux. 
Since this daily control could be very hard to maintain over long periods it is under study a re-

mote surveillance system . 

8.3.  Se rv ices  

 Evaporated Nitrogen line (P.S.A. in Cuoricino) or ultra pure nitrogen (P.S.A. in Borex-
ino) 

 Network and tools (PC, barcode readers ...) to manage the production database 
 Cuoricino only: lift to carry the shipping boxes from the ground floor to the PSA 
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 packaging maintenance kits (vacuum pump, spare polyethylene bags and reber boxes  
 Work table 
 closets (the actual storage space) 
 Borexino only: O2 sensor to be sure operators do not die for asphyxiation because of 

some leakage of the closets. 

8.4.  Close ts  

General requirements for the closet (not exhaustive list) are: 
 must have transparent door to allow easy inspection of their content 
 must be air tight 
 must have in and exhaust N line connectors  
 must have a pressure control system (bubbler or alike) 
 the volume and space organization of each closet (hence the number and kind of pieces 

stored in) must be optimized taking into account  
 time needed to restore the N atmosphere after an opening (the less is better) 
 planned pieces throughput (driven by shipping and assembly procedures) 

Good candidates may be the commercial desiccators proposed by R. Kadel at the June 2007 
General Meting. See: 

http://crio.mib.infn.it/wigmi/media/cuore/meetings/070619/21thJune/Kadel-
CleanRoomAndParts.ppt and  

http://www.terrauniversal.com/products/desiccators/nitroplexover.php 

9. The assembly chain  

9.1.  Overview o f  t he  as sembly  c ha in 

Currently the assembly chain has been divided in 6 (+1 for CUORE0) actions or steps: 
 

 thermistor and heaters gluing on crystals 
 pre-cabling of cable rails 
 mechanical assembly of the tower 
 installation of cable rods 
 Bonding of thermistors and heaters 
 Assembly of the copper shield (CUORE0 only) 
 Final packing and transport in hall A (or wherever it should go) 

 
All these actions will be performed inside seven different glove boxes. Each one designed ad-

hoc (form factor, tools, number and position of the access, etc..) to optimize the job and mini-
mize the difficulty of each step.  

All the assembly tools and procedures will be tested and optimized before the startup of the 
production. This job will be done with the help of two tower-mockup and using all the real 
components (shipping box, clean-room, storage space etc...) we plan to use during the real as-
sembly game.  

9.2.  The tow er  Mock-up 

The tower mockups will be two with different level of fidelity just to make it possible to pro-
ceed with the development of the assembly line while other relevant parts of the game (like test 
of cleaning procedures or the assessment of copper pieces production) are underway and have 
not yet frozen. 

 
The first full “dirty” tower mockup is currently under construction starting from a design of 

the mechanical structure slightly different from the very final design of a CUORE tower but re-
taining all its relevant features. This tower mockup will be used to help the design, the test and 
the fine tuning of all the tools and instruments used to assemble CUORE (glove-box, motorized 
motion etc...) and to sketch the skeleton of the assembly protocol. 
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The dirty mockup will be used in workshops or in lab during the development and construc-
tion of the tools used for the assembly and will never enter inside a clean-room. 

Once all the equipments will be ready they will be cleaned and installed inside the production 
clean room to start to simulate in real conditions the assembly procedure and finalize the final 
assembly protocol (that list of actions or sequence of actions that will be the operators’ Bible) 

During this phase a second tower mockup will be used. This last and final mockup must be an 
absolutely exact copy of a tower reproducing all its mechanical nuances. To make this true it 
means that the mock up must be the 20th CUORE tower coming from the same construction, 
cleaning, shipment chain as all the others. 

With this object in hand the assembly protocol will be exhaustively tested, brought to perfec-
tion and finally released. 

Gloves and other tools entered in touch with the mockup during training will be substituted o 
cleaned before starting the assembly of 
the real tower. 

On the right a 3D sketch of the 
Cuore-0 naked tower (without shields). 
(Drawing courtesy of E. Tatananni 
LNGS) 

9.3.  Ope rato rs   

The assembly procedure is divided 
into 7 actions. Some of them can 
proceed in parallel, others not. 
Although all of them are in principle 
reversible there are many cases where it 
could be very hard or dangerous to 
recover from mistakes or accidents. On 
the recontamination side things can 
only be worse. 

Moreover CUORE assembly will last 
several months.  

To be efficient and reduce the risk of 
error due to physicist ability to 
improvise and find innovative solution 
to trivial problems the job will be done 
by operators and not by member of the 
collaboration that will be, in any case, 
quite busy in supervising and manage 
the work. The quality of the work as 
well as how much time it will take will 
depends on our capability to propose smooth and easy procedures, to plan the job efficiently 
and on the care we put people training. 

 
The numbers of people simultaneously at work in clean room is limited to 4 
 
Assembly Glove Box Team: max 3 operators (two working inside the glove box one serving the 

pieces) + a supervisor  
Gluing Glove-Box Team:  max 3 operators (two working inside the glove box one serving the 

pieces) + a supervisor  
Pre Cabling Team:  max 3 operators (two working inside the glove box one serving the 

pieces) + a supervisor  
Tools Maintenance Team:  max 3 operators (two working inside the glove box one serving the 

pieces) + a supervisor 
Storage area QC Team:  a couple of people  

9.4.  Ope rato rs  t ra in in g 
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A good training of operators it is considered one of the most relevant aspect of the whole pro-
ject. 

 
Operators training will start as soon as the assembly protocol have been released as stated in 

the previous chapter. They will play with the ”clean” mockup tower in clean room, acting ex-
actly as they should doing the real job, up to the moment they will be able to assemble (and dis-
assemble) a tower with their eyes closed while declaiming poems in Greeks.... 

This will be also our last opportunity to check, in the real world, the whole procedure. Feed-
back from the trainees could provide the latest hints to make the job the smoothest and simplest 
possible. 

Only once operators will feel completely comfortable with the procedures the real assembly 
can start. No “learning while working” can be allowed.. 

9.5.  Prel imina ry  op erat io ns 

9.5.1.  Gluin g gen eral  r emarks 

Gluing of chips will be done with different tools in Cuore-0 and Cuore but keeping identical all 
the features that have some impacts on the radio-purity of the process, the mechanical and 
bolometric performance of the crystals. 

The only difference will be on the productivity side since the system developed for CUORE 
must face a much more aggressive and huge production schedule. 

The quality of the glue spots (number of good spots, volumes of the drops, their height, di-
ameter, pitch, air  bubble inclusion, thickness after gluing etc...) are one of the most delicate as-
pects of bolometer assembly both with respect to its integrity after the cool down, and with re-
spect to the bolometer response itself. Hence, regardless the actual gluing system adopted, it is 
quite important to have in both cases a QC tools capable to provide a complete picture of the 
gluing quality. This information can be used, immediately, to discard bad gluing (the criteria can 
be defined only once one of this system is operational and some test can be done), later, and this 
is one of the lessons we can learn from CUORE-0, to better understand the correlations among 
gluing quality and the bolometer response and its mechanical reliability. 

In  case of bad gluing the possibility to re-do the gluing on that crystal will depends on our ca-
pability to restore the initial cleanness of the crystal once all the operation needed to remove the 
glue  and/or the chip have been done. 

A procedure to accomplish this task must be deployed before any construction starts. 
 
In both cases  (CUORE-0 or CUORE) the gluing system will be operated inside an air tight 

glove box. This feature will make more difficult the task to keep track in the production data-
base of the gluing quality indicators associated to a crystal. In some way the gluing procedure 
must preserve the possibility to identify crystals by their ID during and after gluing. The prob-
lem is that entering the gluing glove-box the polyethylene bags carrying the crystal ID labels are 
removed and the crystal loose any contact with it “identity card”. 

The only way to maintain this information is to define a very precise procedure for handling 
the crystals inside the gluing glove box: during gluing operations, while aside waiting for glue 
polymerization, and when they are put back inside the ax-box. 

The ax-box, like that used for shipment, will have again labels inside (on the naked Teflon 
holders?) and outside reporting the ID of the crystals. 

9.5.1.1.  Gluin g CUORE-0 

A manual method and tools to glue chips on crystals exist and have been used in all the assem-
bly done for the hall C test. 

A detailed description can be found elsewhere (missing ref.) 
 
An evolution of this system, to be used for CUORE0, is under study in Como (see 

http://brain.dipscfm.uninsubria.it/deposito/incollino_draft.pdf or ask Marisa for more update 
documents) 
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Figure 16: preliminary design of the gluing tool for CUORE0 under study at Como 

 
The guidelines for the CUORE-0 project are: 

 The coupling between thermistors (and heaters) and crystals will be done with Araldit 
 Rapide glue; 
 the glue will be deposited in the form of spots with diameter ~ 0.7 mm; 
 the gap between the TeO2 crystals and the chips will be 50 ± 5 microns; 
 the gluing project should not depend on the chips dimensions; 
 the gluing procedure has to be done in controlled atmosphere (glove box). 
 the number of spots on thermistors are: XX 
 the number of spots on heaters are: XX 

A further requirement is: 
 The glue spots will be deposited on the NTD thermistors and heaters . 

9.5.1.2.  Gluin g CUORE 

At LNGS is under study the system to be adopted to glue CUORE crystals. More details here 
as soon as they will be available. 

As stated before the main features of the CUORE-O gluing process must be retained. Hence 
for CUORE too the guidelines of the project must be: 

 The coupling between thermistors (and heaters) and crystals will be done with Araldit 
 Rapide glue; 
 the glue will be deposited in the form of spots with diameter ~ 0.7 mm; 
 the gap between the TeO2 crystals and the chips will be 50 ± 5 microns (or better); 
 the gluing project should not depend on the chips dimensions; 
 the gluing procedure has to be done in controlled atmosphere (glove box) 
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 the number of spots on thermistors are: XX 
 the number of spots on heaters are: XX 
 

A further requirement is: 
 The glue spots will be deposited on the NTD thermistors and heaters. 

9.5.2.  pre -c abl i ng 

To cable Heathers and Thermistors Mylar strips with multiple printed copper tracks will be 
used. The number of tracks per strip have not been fixed yet hence the number and dimension 
of Mylar strips per tower have not been fixed too. 

Strips lie inside a C-shaped copper cable rod to be fixed to the tower. A tower have two cable 
rod mounted on opposite sides with screws. 

A complete cable rod is made by two cable rails (CRS top and bottom), two covers (CRC) + 
one joint (CRJ). 

Cable rail are shipped on teflon holders needed to preserve the bending of the wings during 
shipment ,cable strip placement, and assembly. 

The full package containing all the pieces needed to mount a cable rod enter the cabling glove 
box. 

Cable rail holders are shorter then the rail segment leaving an access to the holes on the joint 
side of each piece. The sequence of assembly operations go as follow: 

 Without removing the holders the two rails are aligned and coupled with the joint (a 
screw driver is needed to do this operation) 

 The nylon screws that fix the rails on the holders are removed. 
 The cable strips, that come already packed to fit the wings, are put in place and the pad 

location adjusted to fit precisely the wings. 
 The strips are fixed by putting back the nylon screws 
 The pad are glued on the wings (glue and gluing methods to be decided) 
 Step missing: the cable rod must be prepared to be mounted on the tower i.e. 

decoupled from the teflon holder. The nylon screws must be removed but a 
method to keep in place and do not mechanically stress the strips must be 
found. 

 The cable rod exit the cabling glove box and is stored somewhere in the clean room 

9.6.  The a ssembly  glove  boxes   

While crystals, after the chip gluing stage, and cable trail, after their assembly stage, can be eas-
ily protected from recontamination with a simple packaging, the same is not true for the whole 
tower than must pass through several glove box before to be fully assembled. 

To overcame this problem we propose a multi glove-boxes system + a “garage system” to 
safely house the tower during assembly. 

Think about the system as of many space shuttles (the glove box trails) that docks to a space 
station (the glove box garage). 

Both are air tight and with a controlled atmosphere inside. 
The garage is equipped with a docking system that match that of the shuttles. Once the two 

object are coupled and the atmosphere normalized, what is inside the station can enter the shut-
tle without any contact with the external space. 

Going back to the earth... 
The garage (or tower station) is an air tight box, with a docking system on top 
Inside the garage a mounting plate is placed on top of a lift (see figure 5) 
With the lift in the bottom position, the tower is fully contained inside the garage. This is the 

“home” position.  
 
The garage assure the respect of the zero-contact approach while the dedicated glove-box 

should make any of the single actions easy and, possibly, fast. 
The role of the garage it’s also to provide a safe place where the tower can rest if any problem 

which require a stop of the assembly chain, should occur. 
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The lift, as explained in the following, is used to move the tower in and out of the garage. The 
mounting plate can rotate by 360 deg. too. 

 
The possibility to move the tower very precisely up and down and to rotate it is widely used to 

optimize the assembly actions. 
 
The tower assembly chain starts with an empty garage, docked to the first glove-box (mechani-

cal assembly), with the lift in the upper position and the mounting plate at the same level of the 
assembly table’s plane. 

Operators start assembly the first floor. Once the first floor have been completed the lift go 
down by one floor height putting the top of the floor done at the same level of the table’s plane. 
The assembly of the second floor starts. The process go on like that until the whole tower have 
been done. 

 
At the end of the process the lift is in the bottom position and the tower completely inside the 

garage. (A short animation of the sequence is available here: 
http://www.roma1.infn.it/exp/cuore/room129/coredepapa/overview%20assembly.html) 

 
Figure 17: the lift inside the garage 

 
After closing the top of the garage the mech shuttle is moved apart and the garage is docked to 

the cabling-glove-box shuttle. Once the atmosphere of both volumes are normalized the tower 
enter the glove box rising the lift. 

This sequence (assembly operation, tower down in the garage, shuttle exchange) is repeated up 
to the final step, where the tower, ready to be installed, enter the box designed for shipment and 
storage. 

Glove box will be designed around the specific task that must be done inside.  
To avoid any chance of contact of non radio-pure material with the towers and the tools used 

to work inside the box, the glove box will be equipped with “real” glove-box-gloves to fulfill the 
principle that it must be physically impossible to touch anything inside the box with something 
that is not already inside. 
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At the end of a cycle of operation the glove box could have some maintenance like the substi-
tution of the gloves etc... 

9.6.1.  the  me ch.  gl o ve  box 

Here is a sample of how it could works the mechanical assembly of the tower inside the mech. 
glove box 
 

The glove-box is empty. Both dock 
doors are closed, The lift is in the 
bottom position. 

The volume of the garage is flushed 
with nitrogen. 

The volume inside the glove box is 
flushed with nitrogen too. 
 

 
The door between the antechamber 

and the glove box is closed. 
The antechamber out door is open. 
The crystals’ shipping box with the 

first 4 crystals enter the antechamber.  

 
The out door of the antechamber is 

closed. The air in the antechamber is 
pumped out and then the volume is 
fluxed with nitrogen. 

Once the antechamber is safe the 
operator open the crystals shipping 
box. 

One of the “assembly operators “ 
(two) move the turning table to pre-
sents the crystals holders at the exit 
of the antechamber. 

Two crystals enter the mech. glove 
box 
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The operation is repeated for the 
last two crystals. 

The exit door of the antechamber is 
closed. 

The antechamber is ready to enter 
the other pieces 

 
The same sequence is used to put 

inside the glove box all the other 
pieces needed to assemble one floor 
(frames, pillars, Teflon holders etc..) 

 
Once al the pieces are in, the garage 

door is opened and the lift risen to 
get the assembly plane at the same 
level of the table. 

 
The assembly of the plane can start 

 
 

A well trained operator should mechanically assembly a tower in less then one day. 



z e r o p u n t o q u i n d i c i  

47 

(one working day is 8-hour divided in two turns)  

9.6.2.  cabl i ng  t he  towe r 

The cabling glove-box is used to fix the two pre-assembled cable trails to the tower. 
Cable trails are mounted on opposite faces of the tower. Once the first cable trail is fixed the 

tower is rotated by 180 degree to allow the assembly of the second. 
 
Number of simultaneous operator: 2 (one handling the piece inside the antechamber, the other 

working on the tower) 
 
Its completely open the question on how to handle and pack the extra strips length (about 1 

meter) exiting from the top of the cable trail 
 
A well trained operator should mount the two cable rails on a tower in less then one day. 

9.6.3.  bond in g t he  c hi p 

The West Bond bonding machine have been modified by the firm to operate vertically. A test 
have been done in Como with a similar equipment to check the maximum deflection from the 
orthogonality between the bonding plane and the bonding tip that still ensure a successful bond-
ing. 

A well trained operator should be able to do the job with the bonding plane tilted up to +- 4 
degree. 

This fix the precision of the rotation system applied to the mounting plate. 
The bonding machine will be completely enclosed into glove box volume.  
Instead of the optical microscope normally found on such machine to point at the bonding 

area (few tenths of micron square), a CCD camera with a screen placed outside the box will be 
used. 

The CCD camera must have an auto focus equipped multi-focal lens to provide the operator 
with the better view either during the long distance approach to the bonding zone or during the 
very last fine motion. 
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Figure 18: Bonding test in Como 

 
The x-z position of the bonding machine will be fixed while it must move between two posi-

tion in Y to have the bonding tip centered around the bonding zone of left or right crystals on 
one side of the tower. 

 
The bonding procedures should go as follow: 

 start position: BM centered on the left row. Tower raised up to one plane (the top 
plane) inside the glove box. 

 bonding of heather and thermistor of the first crystal of the left row 
 the lift rise by one plane 
 bonding of heather and thermistor of the second crystal 
 the lift rise by one plane 
 ... loop 
 bonding of the LAST crystal of the left row (on the bottom plane) 
 Move BM to be centered on the right row 
 bonding of the LAST crystal of the right row (on the bottom plane) 
 the lift lowers by one plane 
 bonding of the next crystal of the right row  
 the lift lowers by one plane 
 ..loop 
 bonding of the first crystal of the right row (top plane) 
 The tower enter the garage by lowering the lift by one plane 
 The tower rotate by 180 degree 
 the tower move up to present the first plane (top plane) to the BM 
 ..loop as before  

 
the procedure ends-up with the tower lowered and the cable exiting from top still inside the 

glove box. 
Any search for broken or disconnected wire should be done at this stage. 
The tower go home. The garage moves to the next station. 
 
A conceptual design of this glove box can be done only once the bonding machine have been 

purchased and in our hands. At the time of writing  the bonding machine is foreseen to be in 
Rome in May-June 2008 

9.6.4.  the  coppe r s hi e ld 

waiting for more input to design the copper shield-glove-box 

9.6.5.  Final  pa ckage  & sto ra ge  

waiting for more input to design the stock-glove-box. In principle, for CUORE0 it will be the 
same as the copper shield glove box. 
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10. Appendix: 

10.1.  Lis t o f  mat er ial  and  too l s  in di re c t  co nta ct  w it h tower  pa rts  ( to  be  comple te d)  

 
(the purpose of this list is to be sure to have a recipe to properly clean all these 
objects) 
 
 
what Material choice comments 
Support plate on top of the ga-
rage lift  
 

Aluminum, PVC, Teflon, 
copper.. 

It’s the plane in contact with 
the Bottom Plate (cuore0) or 
the first frame (cuore) of the 
tower 

Torque wrench (to tighten the 
copper pillar) 

unknown Only one kind found. An 
adapter must be done to fit 
the pillar size (5 mm) 

Rotating plate inside the meck-
box (to hold frame, pillars etc.. 
see par 4.4.4)  

Teflon  

Glove-box gloves Latex, Neoprene Under rad-test at LNGS 
Screwdriver(s) unknown  
Frame-crystal spacers Teflon  To fill the clearance between 

crystals and Teflon holders 
during bonding 

Bonding machine tip   
Nitrogen Nitrogen!. what else ? Atmosphere inside the glove 

box 
Tower Mock-up to be used to 
tune and test the assembly 
tools. 

Standard Copper, Teflon It will be in contact with all 
the above mentioned objects 
and/or tools. A second mock-
up with “clean-copper” will 
be done and used during the 
training in clean room 

 

10.3.  Lis t o f  mate rial s  and too l s  e nte ri ng t he  c l ean room and fac in g (but not  i n tou ch  
with)  t he  d e te c tors  e l ements  ( to  be  comple te d)  

 
 
what Material choice Comments 
   
Garage and glove-box walls Perspex, steel  
Glove Box gasket (doors, glove 
holes etc..)  

O-ring... rubber ?  

Small metallic components in-
side the glove-box (hinges, gas 
inlet/outlet etc..) 

steel, copper, brass  

Working plane (assembling sta-
tion tables) 

steel, Aluminum  

Garage lift guide bearing  steel, Al These pieces faces the tower 
when it is in home position 

Step motor, hose fitting & other 
mechanical components of the 
lift motion system 

steel Will be housed in a closed 
box at the bottom of the ga-
rage. 

Bonding Machine (including elec-
tronics)  

.. It goes inside the bonding 
glove box ad it will face the 
tower.  

CCD and LCD screen Most plastic Bonding pointing system.  
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10.4.   Lis t  o f  too l s  and  par ts  t hat goes  ins ide  t he  c l ean room (to  be  comple te d)  

(the purpose of this list is to be sure to have a recipe to properly clean all these 
objects) 
 
 
 
what material comments 
   
Garage rails Al, Inox  
chairs   
Nitrogen in/exhaust pipes Teflon, PVC  
Vacuum pipes   
Vacuum pump  Aspirazione aria dalle 

glove box 
Cable (power and signal)    
Frames storage/transport box   
Pillar storage/transport box   
Screw storage/transport box   
Top/Bottom Plates stor-
age/transport box 

  

Cable rail storage/transport 
box 

  

Strip storage/transport box   
Shields storage/transport box   
Hood (for chemical)   
Ultrasonic bath   
Table (general purpose)   
Storage box   
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10.5.   Summary o f  t he  CUORE-0 a ssembly  se quence  

 
a) GLUING STATION 

a. gluing of heathers and thermistors  
 
 

b) CABLE RAIL ASSEMBLY STATION 
a. mechanical assembly of the cable rail plus cover 
b. strips placement inside the cable rail 
c. pads gluing on the cable rail “wings” 

 
c) ASSEMBLY STATION 1: (TOWER MECHANICAL ASSEMBLY)  

00. dock garage and shuttle1 
01. flush nitrogen in shuttle1 
02. open garage dock door 
03. put garage lift in TOP position (see picture)  

a. BOTTOM plane’ parts enter the glove box 
b. place bottom plate on assembly plane 
c. place first frame  
d. place bottom teflon holders  
e. screw pillars 
f. put crystals in place 
g. fix crystals with teflon spacers 

04. lift down by one plane 
a. pieces for the GENERIC plane enter the glove box 
b. place top teflon holders 
c. place frame 
d. place bottom teflon holders 
e. screw pillars 
f. place crystals 
g. fix crystals with teflon spacers 

05. lift down by one plane 
a. ... 

 
06. lift down by LAST plane 

a. pieces for the TOP plane enter the glove box 
b. place top teflon holders 
c. place top frame 
d. temporary fix top frame with screws 

 
07. lift at home, the tower is inside the shuttle 
08. close garage door 
09. dock garage and shuttle2 
10. flush nitrogen in shuttle2 
11. open garage dock door 
12. put garage lift in TOP position 
13. The tower is inside Shuttle2 
 

d) ASSEMBLY STATION 2: (shield/CABLING GLOVEBOX) 
a. rotate the tower (if needed) in the right position 
b. First cable rail enter the glove box 
c. Fix the first cable rail to the tower 
d. Fix the floating cable on top of the tower 
e. Rotate the tower by 180 (or whatever) degrees 
f. Second cable rail enter the glove box 
g. Fix the second cable rail 
h. Fix the floating cable on top of the tower 
i. The first cover enter the glove box 
j. place the cover on the cable rail 
k. Rotate the tower by 180 degrees 
l. The last cover enter the glove box 
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m. Place the cover on the second cable rail 
 

01. lift at home, the tower is inside the shuttle 
02. close garage door 
03. dock garage and shuttle3 
04. flush nitrogen in shuttle3 
05. open garage dock door 
06. put garage lift in TOP position 
07. The tower is inside Shuttle3 
 

e) Bonding Glove-Box (work in progress...) 
00. la torre sale un piano alla volta 
01. bonding pad heaters e termistori dx 
02. end: torre copletamente alzata 
03. translate bonding machine position 
04. la torre scende un piano alla volta 
05. bonding pad heaetrs termistori sx 
06. Repeat if more then 1 cable rail 
07. Tower inside the garage 
 

f) shield/cabling Glove-Box (work in progress...) 
00. tower rising (un piano alla volta)  
01. rimozione tasselli ancoraggio cristalli 
02. tower reach top 
03. tower coming down  
04. posizionamento schermi (dal basso) 
05. tower full down 
06. rimozione viti provvisorie top frame 
07. inserimento top plate e passaggio strip 
08. fissaggio top plate (viti) 
09. la torre scende in garage 
 

g) shipping box (work in progress...) 
00. rise tower 
01. connect top plate with shipping box top 
02. pick up shipping box 
03. close bottom of the shipping box 

 
(*) le colonnine del primo piano fissano il frame al bottom plate ? if not perche no ? 
(**) trovare un modo per tenere insieme il mastriccio di strip in modo compatto. Extra 
spazio da calcolare sia per garage che per le glove box full size. 

 

10.7.  Summary  o f  CUORE assembly  se quence  
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10.8.  Summary  o f  par ts  f o r Shipping (p ro te c t i ve  e nc lo sure  f o r s hipp in g)  

Part Name Qnty  Spare Total  
 
Crystals 18  2 20 commercial 
Frames 54  6 60 commercial 
Pillars 65  5 70  commercial 
Cable rail 31  2 33 commercial 
Screw 28 2 30  commercial

  
 
Only protective box used for shipment of clean parts from SICCAS or LNL are considered 
Qnty equal the number of individual shipments  
 

10.9.  Summary  o f  par ts  f o r Sto ra ge  (Boxes  t hat  go  in s id e  t he  PSA + a ccess or ies )  

Part Name Qnty  Spare Total  
 
X-BOX (PSA) 122  6 128 commercial 
AX-BOX (PSA) 80  4 84  commercial 
Naked Holder 80  4 84 custom made 
Wrapped Holder 4 2 6  custom made  
IKEA shell 3 cm (PSA) 48 4 52  commercial 
IKEA shell 7 cm (PSA) 276 12 288  commercial 
Teflon plate 324 16 340  custom made 
P-Box (PSA) 65 2 67 commercial  
CR-Box (PSA) 31 1 32 custom made  ? 
H-Box (PSA) 28 1 29 commercial 
ST-Box (PSA) 48 2 50  custom made 
cable rail holder 14 2 16  custom made 
bobby pins 14 2 16  custom made 
nylon screws 28 12 40 commercial 
Teflon Holders -- -- -- commercial 
 
Qnty: include the boxes for spare parts 
Spare: is the number of spares boxes (or components of the shipping package) 
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11. Project Check List 

  TTA SM 0 0 - 10 10-50 50-80 80-100 

Crystals:  
Production site 2008              
Production contract                 
delivery rate   •            
shipping packaging 2008 •            

Copper:  
Production site  2008              
Production contract                
delivery rate   •            
shipping packaging 2008 •            

Teflon:  
Production site  2008              
Production contract                
delivery rate   •            
shipping packaging 2008 •            

Cable:  
Production site  2008              
Production contract                
delivery rate   •            
shipping packaging 2008 •            

Chip:  
Production site  2008              
Production contract                
delivery rate   •            
shipping packaging 2008 •            

Assembly tools status:  
Gluing machine 2008              
Gluing Glove Box 2008 •            
Mech glove box 2008 •            
Cabling glove box 2008 •            
Bonding glove box 2008 •            
Storage glove-box 2008 •            
Mockup 1 2008 •            
Mockup 2 2008 •            

Storage Area (space and infrastructure):  
As shipped  2008 •            
Re-packed    •            
Towers   •            
Nitrogen Facility 2008 •            
Nitrogen distribution 2008 •            

Storage Tools (package that fit space and infrastructure):  
crystals 2008 •            
copper 2008 •            
teflon 2008 •            
cable 2008 •            
chip 2008 •            

Assembly spaces and infrastructure:  
Borexino clean room 2008 •            
Re-pack clean area 2008 •            
Cuore clean room   •            
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Protocols:  
As shipped acceptance  2008 •            
As shipped storage QC  2008 •            
Re-packed storage QC 2008 •            
Towers storage QC   •            
Gluing operation 2008              
Pre-Cabling operation 2008 •            
Mechanical assembly 2008 •            
Cabling operation 2008 •            
Bonding operation 2008 •            
Tower Storage QC   •            
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12. Data Sheet 

12.1.  Contenito re  IKEA x Frame s 
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12.2.  Ikea She l l  Usage 
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12.3.  Rebe r Vuo toBox 

 
Box in polycarbonate, O-ring in Teflon 
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Box in polycarbonate, O-ring in Teflon. 
Vacuum: -900 mBar 
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12.4.  Rebe r Bus te  

 
  
Misure disponibili: cm. 15x25, 20x30, 30x40, 15x40; 22x65, 30x80;   
Rotoli da 20 cm. e 30 cm. di larghezza per 6 metri. 
 
REBER vacuum devices use special embossed multiple-layer bags, which are specific for 
vacuum packaging. Exterior side is of nylon, to guarantee the best airproof; interior side 
is of polyethylene, which is ideal for foodstuffs packaging. Bags are made of four layers, 
three are smooth and one is embossed, to achieve the maximum air suction. Bags thick-
ness of 105 micron guarantees its robustness, avoiding accidental breaking. 
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12.5.  ORVED Buste  Gof f rate   
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12.6.  ORVED VuotoBox 
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12.7.  Pressur e  Sens ors  
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12.8.  Low Powe r comparato r  

(da abbinare a sensore di pressione. Catalogo DISTRELEC) 
 
https://www.distrelec.it:443/ishopWebFront/catalog/product.do/para/language/is/it/
and/shop/is/IT/and/id/is/01/and/node/is/acaaabacacad/and/series/is/1.html 
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12.8.1.   Thr esho ld LED dr ive r c i rcu i t  
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12.9.   CUORE Clean Room 
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12.10.  Guid e FESTO pe r ga rage  
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12.11.  Frame A  
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12.12.  Frame B 
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12.13.  Frame Top 
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12.14.  Pil lars  
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12.15.  CableRa il  
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